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Feature article from Watershed Protection Techniques. 3(2): 633-646

The Benefits of Better Site Design in
Residential Subdivisions

Though they may not redize it, site planners
have an excellent opportunity to reduce storm
water runoff and pollutant export simply by
changing the way they lay out new residential subdi-
visions. Planners that employ open space design
techniques can collectively reduce the amount of im-
pervious cover, increase the amount of natural land
conserved, and improvethe performance of stormwa-
ter treatment practices at new residential develop-
ments.

Simply put, open space designs concentrate den-
sity on one portion of asitein order to conserve open
space elsewhere by relaxing lot sizes, frontages, road
sections, and other subdivision geometry. Whilesite
designs that employ these techniques go by many
different names, such as clustering or conservation
design, they all incorporatesomeor all of thefollowing
better site design techniques:

e Usingnarrower, shorter streetsand rights-of-way

¢ Applying smaller lots and setbacks and narrow
frontages to preserve significant open space

* Reducing the amount of site area devoted to
residential lawns

*  Spreading stormwater runoff over pervious
surfaces

¢ Using open channels rather than curb and gutter

*  Protecting stream buffers

¢ Enhancing the performance of septic systems,
when applicable

Inthisarticle, weexamine some of the benefits of
employing better site design techniques asthey apply
to residential subdivisions. The analysis utilizes a
simplespreadsheet computer model to compareactual
residential sites constructed in the 1990s using con-
ventional designtechniqueswiththesamesites” rede-
signed” utilizing better site design techniques. For
each development scenario, site characteristics such
as total impervious and vegetative cover, infrastruc-
ture quantities, and type of stormwater management
practice are estimated.

The Simplified Urban Nutrient Output Model
(SUNOM) wasusedtoperformacomparativeanalysis
for two subdivisionsthat span awiderangeof residen-
tial density (seeTableX). Thefirstisalarge-lot subdi-
vision known as Duck Crossing, and the second is a

medium-density subdivision known as Stonehill Es-
tates. In each case, themodel wasused to simulatefive
different development scenarios:

*  Pre-developed conditions

»  Conventional design without stormwater
practices

e Conventional design with stormwater practices
»  Open space design without stormwater practices
»  Open space design with stormwater practices

This article compares the hydrology, nutrient ex-
port, and development cost for these sites under both
conventional and open space design, and with and
without stormwater treatment. Thearticleal sosumma-
rizes other research on the benefits of open space
designanddiscussestheimplicationsit canhavefor the
watershed manager.
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Figure 1: Predevelopment Conditions at the Duck Crossing Site

Duck Crossing- A Low-Density
Residential Subdivision

Duck Crossing is alarge-lot residential develop-
ment located in Wicomico County onMaryland’ sEast-
ern Shore. Prior to development, the low gradient
coastal plain site contained amix of tidal and non-tidal
wetlands, natural forest, and meadow (Figure 1). Its
sandy soils were highly permeable (hydrologic soil
group A). Three existing homes were located on the
parcel, which relied on septic systemsfor on-site sew-
agedisposal. The existing septic systemsdischarged a
considerable nutrient load to shallow groundwater.

A conventional large-lot subdivisionof eightsingle
family homeswasconstructed onthe 24-acresiteinthe
early 1990s. The subdivision is reasonably typical of
rural residential development along the Chesapeake
Bay waterfront during thisera(Figure 2). Each new lot
ranged fromthreetofiveacresinsize, and wasset back
several hundred feet from an access road. The access
roadwas30feet wideandterminatedinalargediameter
cul-de-sac. Sidewalkswerel ocated on both sidesof the
street. Each lot was served by a conventional septic
systemwithaprimary and reservefield of about 10,000
squarefeet. Stormwater management consisted of curb
and gutters that conveyed runoff into a storm drain
system that, in turn, discharged to a small dry pond
(designed for the water quality volume, only).

Theentiresitewasprivately owned, withtheexcep-
tion of thetidal marsh, whichwasprotected under state
and federal wetland laws and represented the only
common open spaceonthesite. Asaresult of construc-
tion, the existing meadow was entirely converted to
lawn, andtheimperviouscover for thesiteincreased to
dightly over 8%.

Open Jpace Design for Duck Crossing

Thecritical ingredient of the open space redesign
was areduction in lot size from several acresto about
30,000 squarefeet. Thisenabled about 74% of the site
to be protected and managed as common open space,
whichincluded most of theexistingforest, wetlandsand
meadow (Figure3). Consequently, only 19% of thesite
wasmanaged asturf, nearly all of whichwaslocatedon
the private lots.

The open space redesign at Duck Crossing also
incorporated a narrower access road (20 feet wide)
along with shorter, shared drivewaysthat served six of
the eight lots. The road turnaround was designed as a
loop rather than a cul-de-sac bulb. Also, awood chip
trail system was provided through the open space
instead of sidewalksalongtheroad. Eachhomesitewas
carefully located away from sensitivenatural areasand
the 100-year flood plain. Taken together, these better
site design techniques reduced impervious cover for
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Figure 3: The Open Space Subdivision That Could Have Been Built at Duck Crossing (eight lots)
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the site by about a third compared to the conventional
design (from 8% to 5%).

Theredesigned stormwater conveyance system uti-
lized dry swalesrather than acurb and gutter system, and
featuredtheuseof bioretentionareasintheroadway loop
totreat stormwater quality. Thiscombination of stormwa:
ter practicesprovided greater pollutant removal through
filtrationandinfiltration.

Oneof themost important objectivesintheredesign
strategy wasto improvethelocation and performance of
the septic systemsthat dispose of wastewater at the site.
Home siteswere oriented to be near soilsthat were most
suitable for septic system treatment. In addition, six
homes shared three common septic fieldslocated within
open spacerather thanonindividual privatelots. Lastly,
giventhepermeability of thesoils, advanced re-circul at-
ing sand filters were installed to provide better nutrient
removal than could be achieved by conventional septic
systems.

Comparative Hydrology for Duck Crossing

Givenitslow imperviouscover and permeablesoils,
the water balance at Duck Crossing was dominated by
infiltration, even after development. The comparative
hydrology under the five development scenariosis pre-
sentedin Table 1. Asmight beexpected, theconventional
designyielded the greatest volume of surface runoff and
the least amount of infiltration. The open space design
produced about 25% |essannual surfacerunoff and 12%
more infiltration than the conventional design, but did
not come close to replicating pre-development condi-
tions. Theuse of stormwater practicesdid not materially
change the water balance under either the conventional
or open space design at Duck Crossing (see Table 1).

Comparative Nutrient Output at Duck Crossing

Nutrient export at Duck Crossing was dominated
more by subsurface water movement than by surface
runoff. | ndeed, stormwater runoff seldomcomprisedmore
than 15% of theannual nitrogen or phosphorusload from
thislightly developed site. The SUNOM model indicated
that the major source of nutrients was subsurface dis-
chargesfrom septic systems, which typically accounted
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Figure 4: Nitrogen Load Distribution
From the Conventional Design of Duck

Crossing, Without Stormwater Practices

for 60 to 80% of the total load in every devel opment
scenario (seeFigure4).

The open space design sharply reduced nutrient
export, primarily becausere-circul atingsandfilterswere
used in the shared septic systems and hel ped to reduce
(but not eliminate) subsurface nutrient discharge. The
other elements of the open space design (reduced
impervious cover, reduced lawn cover, and multiple
stormwater practices) also helped to reduce nutrient
export, but by amuch smaller amount. Thecomparative
nutrient export from each Duck Crossing devel opment
scenarioisdetailedin Figure5.

Comparative Cost of Development

Thecost to build infrastructure for the open space
design was estimated to be 25% less than the conven-
tional design at Duck Crossing, due primarily to the
necessity for less road paving, sidewalks, and curbs
and gutters. Evenwhenhigher costswerefactoredinfor
the more sophisticated stormwater and on-site waste-
water treatment used i nthe open spacedesign, thetotal
cost was still 12% lower than the conventional design.
In addition, the open space design had seven fewer

Table 1: Annual Water Budgetof Duck Crossing
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Pre- Conventional Open Space
Developed Design Design
Runoff no practice 2.3 48 3.9
(inches/year) practices -- 4.8 3.7
Infiltration no practice 18.2 15.3 17.0
(inches/year) practices - - 15.3 17.2




acres that needed to be cleared and graded, or served
by erosion and sediment controls, compared to the
conventional design (these costs are not currently
evaluated by the SUNOM mode!). Overdl,theSUNOM
model estimated that the conventional design at Duck
Crossing had a total infrastructure cost of $143,600,
compared to $126,400 for the open space design.

Summary

The comparative results for the Duck Crossing
redesignanalysisaresummarizedinFigure6. Theopen
space design increased natural area conservation and
reducedimperviouscover, stormwater runoff, nutrient
export, and development costs compared to the con-
ventional subdivision design.
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Figure 7: Predevelopment Conditions at the Stonehill Estates Site

Stonehill Estates- A M edium-Density
Residential Subdivision

Stonehill Estates, |ocated near Fredericksburg, Vir-
ginig, issituatedintherollingterrain of thePiedmont. The
undeveloped parcel was 45 acres in size, nearly all of
which was mature hardwood forest (Figure 7). Aninter-
mittent stream bi sected thesite, discharginginto aperen-
nial stream near the southern edge of theparcel. Roughly
3.6 acres of forested wetlands were found along the
streamcorridors, and an extensivefloodplainwaslocated
alongtheperennial stream. Soilsat thesitewereprimarily
silt loams and were moderately permeable (hydrologic
soil groups C and D).

Thesitewashighly attractivefor development, given
theexcellent accessprovided by two existing roads, both
of which had public water and sewer linesthat could be
easily tapped to servethe new subdivision. The conven-
tional designwaszoned for threedwelling unitsper acre.
After unbuildablelandswereexcluded, theparcel yielded
atotal of 108 house lots, each of which was about 9,000
square feet in size (Figure 8). The subdivision design
typifies medium-density residential subdivisions devel-
oped in the last two decades in the Mid-Atlantic region,
wherelotssizeswereuniforminsizeand shapeand homes
were set back a generous and fixed distance from the
street. The design utilized amix of wide and moderate
street sections (34 feet and 26 feet), andincludedsix large

diameter cul-de-sacsfor turnarounds. Sidewalkswere
generaly installed on both sides of the street.

The stormwater management system for the con-
ventional designrepresentsthetypical “ pipeand pond”
approach utilized in many medium-density residential
subdivisions. Street runoff was conveyed by curbsand
guttersinto a storm drain system that discharged into
theintermittent stream channel, andthentraveled down-
streamto adry extended detention pond. Thepond was
primarily designed to control flooding, but also pro-
vided somelimited removal of stormwater pollutants.

Interestingly, about 25% of the site was reserved
as open space in the conventional design at Stonehill
Estates. Nearly all of these lands were unbuildable
because of environmental and site constraints (e.g.,
floodplains, steep slopes, wetlands, and stormwater
facilities), and the resulting open space was highly
fragmented. Even so, about a fourth of the forested
wetlandswereimpacted by two roadscrossing over the
intermittent stream. Almost 90% of the original forest
cover wascleared asaresult of theconventional design,
and was replaced by lawns and impervious cover.
Overall, about 60% of the sitewas converted to lawns,
and another 27% was converted to impervious cover.




— s GARRISON VIt £
FrATE  ATE . w

Figure 8: The Conventional Subdivision Design That Was Built at Stonehill Estates (108 lots)

Figure 9: The Open Space Subdivision That Could Have Been Built at Stonehill Estates (108 lots)
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Open Space Design for Sonehill Estates

In the redesign analysis, Stonehill Estates was
designedtoincorporate many of the open spacedesign
techniques advocated by Arendt (1994). Theresulting
design retained the same number of lotsasthe conven-
tional design, but hadamuchdifferentlayout (Figure9).
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Figure 10: Annual Nitrogen and Phosphorus Loads
for Each Stonehill Estates Development Scenario

Table 2: Comparative Hydrology of Stonehill Estates

Pre- Conventional Open

Developed Design Spgce

Design
Runoff no practice 2.1 10.6 8.8
(inchesl/year) practices n/a 10.6 8.0
Infiltration no practice 4.9 3.1 4.0
(inchesl/year) practices n/a 31 18

Theaveragelot size declined from about 9,000 square
feet in the conventional design to 6,300 squarefeetin
the open space design. This reduced lot size allowed
about 44% of the site to be protected as open space,
most of which was managed as a single unit that
included anextensivenatural buffer alongtheperennial
and intermittent stream corridor.

The basic open space layout was augmented by
several other better site design practices, including
narrower streets, shorter driveways, and fewer side-
walks. Looproadswereused asan alternativeto cul-de-
sacs. Insomeportionsof thesite, irregularly shaped|lots
and shared drivewayswere used to reduceoverall road
length. Eachindividual | ot waslocated adjacent to open
space, so that the more compact open spacelotswould
not feel ascrowded. Asaresult of thesetechniques, the
open spacedesignfor Stonehill Estatesreduced imper-
vious cover from 27% to 20%. In addition, lawn cover
declined from 60% to 30% of thetotal sitearea.

Theinnovative stormwater collection system uti-
lized dry swales rather than storm drains in gently
sloping portionsof thesite. Thedry swalesand several
bioretention areas located in loop turnarounds were
usedtoinitially treat stormwater quality. Each of these
practicesthen discharged to asmall micro-pool deten-
tion pond, whose embankment was created by the
single road crossing over the intermittent stream.

Comparative Hydrology

Prior to its development, the highly wooded site
produced very little surface runoff, but because of
relatively tight soils, generated only amodest amount
of infiltration. However, after the site was converted
into the conventional subdivision, surface runoff in-
creased by afactor of five, andinfiltration wasreduced
by about 40% (Table 2). In contrast, the open space
design worked to reduce stormwater runoff and in-
creasestormwater infiltration comparedtotheconven-
tional design, althoughit did not comeclosetoreplicat-
ingtheoriginal hydrology of theforested site(Table2).

Comparative Nutrient Output

Asmight be expected, the conversion of theforest
into a conventional subdivision greatly increased nu-
trient export from the site; the model indicated that
annual phosphorusand nitrogen export wouldincrease
by afactor of seven and nine, respectively, after devel-
opment (seeFigure10). Unlike Duck Crossing, nutrient
export at Stonehill Estateswasdominated by stormwa-
ter runoff after development. The SUNOM model
indicated that stormwater runoff contributed about
94% of the annual nutrient export from the site, with
subsurfacewater movement adding only 6%tothetotal
export. Nutrient loadswere not greatly reduced by the
dry extended detention pond installed at the conven-
tional subdivision; the model indicated that nutrient
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Table 3: Redesign Analyses Comparing Impervious Cover and Stormwater Runoff from

Conventional and Open Space Subdivisions

Residential Original Impervious Cover at the Site Reduction in
Subdivision Zoning for Stormwater
Subdivision Conventional | Open Space Net Runoff
Design Design Change (%)

Remlik Hall 5 acre lots 54 % 3.7% -31% 20%
Tharpe Knoll 2 | 1 acre lots 13% 7% - 46% 44%
Chapel Run 2 | %o acre lots 29% 17% -41% 31%
Pleasant Hill 2 | %o acre lots 26% 11% - 58% 54%
Prairie %o to 1/3 acre lots 20% 18% -20% 66%
Crossing 3
Buckingham 1/8 acre lots 23% 21% - 1% 8%
Greene 2
Belle-Hall 4 High Density 35% 20% -43% 31%

Sources: ! Maurer, 1996; 2DE DNREC, 1997; 3 Dreher, 1994; and *SCCCL, 1995.

exportfromtheconventional designwouldstill besixto
seven times greater than the pre-development condi-
tion even with this stormwater treatment practice.

In contrast, the open space design resulted in
greater nutrient reduction (Figure 10). For exampl e, the
open space design scenario without stormwater prac-
tices produced alower nutrient load than the conven-
tional design scenario with stormwater practices. This
wasprimarily duetolower imperviouscover associated
with the open space design. When the open space
design was combined with more sophisticated storm-
water practices (i.e., bioretention, dry swales and wet
ponds), nutrient export was half that of the conven-
tional design. It is interesting to note, however, that
even when the most innovative site design and storm-
water techniques were applied to the site, nutrient
export was still three to four times greater than that
produced by the forest prior to development.

Infrastructure Costs

The total cost to build infrastructure at Stonehill
Estates was about 20% less for the open space design
thanfor theconventional design. Considerablesavings
wererealizedintheform of | essroad paving and shorter
lengths of sidewalks, water and sewer lines and curbs
and gutters. The cost difference between the open
space and conventional designs would have been
greater were it not for the fact that higher costs were
incurred for the more sophisticated stormwater prac-
tices used in the open space design. It was estimated
that theinfrastructure cost for the conventional design
was$1.54million, comparedto$1.24 millionfortheopen
space design.

Summary

The comparative results for the Stonehill Estates
redesignanalysisaresummarizedinFigure11. Theopen
space design reduced impervious cover, natural area
conversion, stormwater runoff, nutrient export and devel -

opment costs compared to the conventional subdivision
design.
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o

Figure 11: Change in Site From a

Conventional Design to an Open Space
Design, Both With Stormwater Practices
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Table 4: Proiected Construction Cost Savinas for Open Space Desians from Redesian

Analyses

Residential Construction Notes

Development Savings

Remlik Hall * 52% Includes costs for engineering, road construction, and
obtaining water and sewer permits

Tharpe Knoll 2 56% Includes roads and stormwater management

Chapel Run? 64% Includes roads, stormwater management, and
reforestation

Pleasant Hill 2 43% Includes roads, stormwater management, and
reforestation

Buckingham Greene? 63% Includes roads and stormwater management

Sources:! Maurer, 1996; 2 DE DNREC, 1997

Other Redesign Resear ch

Several other researchershaveemployedredesign
comparisonsto demonstrate the benefits of open space
subdivisions, over awide range of base lot sizes. The
results are shown in Table 3. It should be recognized
that each study used dlightly different models and
assumptions, and as such, strict comparisons should
be avoided. The redesign comparisons clearly show
that open spacedesigns can sharply reduceimpervious
cover and stormwater runoff whileaccommodating the
samenumber of dwelling units, at |east to basel ot sizes
of an eighth of an acre. The reductions in impervious
cover andrunoff rangefrom 7to 65%. Theability of open
space design to reduce impervious cover starts to
diminish for residential zonesthat exceed densities of
four dwelling units per acre.

These studies reinforce the conclusion that
open space designs are usually less expensive to build
than conventional subdivisions. The projected con-
struction cost savings associated with open space
designsranged from 40to 66% (Table 4). Most of the
cost savingsweredueto reduced need for road building
and stormwater conveyance. In another study, Liptan
and Brown (1996) reported that open space design
produced infrastructure construction costs savings of
$800 per homeinaCaliforniasubdivision.

Numerouseconomic studieshaveshownthat well-
designed and marketed open space designs are very
desirabletohomebuyersand very profitablefor devel-
opers. Strong evidence indicates that open space
subdivisionssell faster, produce better cashflow, yield
ahigher returnoninvestment and appreci atefaster than
their traditional counterparts(Arendt etal., 1994, Ewing,
1996, NAHB, 1997,ULI,1988. CWP, 19983, and Porter,
1988). Whileopen spacedesignsareoften perceived as
applying only to upscale and affluent consumers, sev-
eral successful open space subdivisions have been

built for moderate to lower income buyers. Both UL
(1988) and Ewing (1996) report that open spacedesigns
can bean effectivetool to promoteaffordable housing
withinlocal communities.

Therelatively highdemand for open spacedesigns
reflectstwoimportant economic trends. Thefirst trend
is that the tastes and preferences of many new home
buyersaregradually changing. Recent market surveys
indicate that home buyers increasingly desire natural
areas, smaller lawns, better pedestrian access, wildlife
habitat and open spaceinthecommunitiesthey choose
tolivein. The second trendisthat open space devel op-
ments that can provide these amenities seldom com-
prise morethan 5% of the new housing offered in most
communities. Consequently, thereappearstobealarge
and relatively untapped potential demand for more
open space developments. Other compelling benefits
of open space design aredetailed in CWP (1998a) and
Schueler (1995).

EvaluatingtheQuiality of | ndividual Open Space
Devdopments

Inthereal world, sitedesignersmust satisfy awide
range of economic objectives, and water quality or
resource protection isusually not on thetop of thelist.
It is certainly possible to design a lousy open space
design, and communitiesshould expect awiderangein
thequality of open spacedesignsthey review. How can
acommunity objectively evaluate the quality of indi-
vidual open space design proposals, and differentiate
poor or mediocre projectsfrom thegood and outstand-
ing ones?




Table 5: Sample Evaluation Criteriafor the Quantity and Quality of Open Space Development

(Conservation Fund, 1999)

Points Percent of Open Space Achieved for Different Residential Zones
Achieved by
the Morethan 4 From 2to 4 From 1to 2 From0.5to 1 less than %o
Development | unitsperacre | unitsperacre | units peracre | unitper acre | unitper acre
-2 0 to 9% less than 15% 15 to 24% 25 to 34% less than 40%
-1 10 to 14% 15 to 24% 25 to 34% 35 to 49% less than 50%
0 15 to 24% 25 to 34% 35 to 49% 50 to 59% less than 60%
+1 25 to 30% 35 to 40% 50 to 55% 60 to 70% less than 70%
+2 more than more than more than more than more than
30% 40% 55% 70% 80%

The total open space achieved by the site is computed using the falowing formula:
A0.2) +B(0.2) + C(0.5) +D X100
E

A =open space acres in managed landscape
C =open space acres in perennial crops
E = total undeveloped acres in open space

B = open space acres in annual crops
D = open space acres in native vegetation

Nerenberg and Freil (1999) have recently devel-
oped asimplerating system to evaluate the quality of
individual open space design proposals. The rating
system, knownasthe Conservation Devel opment Eval u-
ation System (CeDES), was devel oped in consultation
withahost of planning agenciesand organizations. The
CeDES employs 10 core criteria to test how well a
proposed open spacedesign reducesimperviouscover,
minimizes grading, prevents soil loss, reduces and
treats stormwater, manages open space, protects sen-
sitive areas, and conserves trees or native vegetation.
Eachof the10corecriteriahasaquantitativebenchmark
for comparison. Anexampleof onebenchmark that rates
the quantity and quality of open space is provided in
Table5. A full description of the CeDESrating can be
found in Conservation Fund (1999).

Based onthetotal scoreachievedunderthe10core
criteria, an open space design project can earn any-
wherefrom zero “ oak leaves’ up to four “ oak leaves.”
Themoreoak |eavesearned, thebetter thequality of the
proposed project. Based oniinitia testing, the CeDES
seemsto doagoodjob of sorting the poor projectsfrom
the outstanding ones. Whilethe CeDESisintended for
useasatool forlocal development review, it canalsobe
used asa marketing tool to let home buyersknow how
green their new subdivision actualy is.

Implicationsfor theWater shed M anager

The redesign comparisons have several implica
tionsfor thewatershed manager. First, they offer com-
pelling quantitative evidence that open space design
cansharply reducestormwater and nutrient export from
new devel opment, and assuch, can serveasan effective
tool for watershed protection. It is interesting to note

that open space design, by itself, produced nutrient
reductions roughly equivalent to those achieved by
structural stormwater practices. |n other words, nutri-
ent export from open spacedesi gnswithout stormwater
treatment was comparabl e to the conventional designs
with stormwater treatment. When open space design
were combined with effective stormwater treatment,
nutrient loads were sharply reduced, but were still
greater than pre-development conditions.

A second, moretroublingimplicationisthat it may
well beimpossibletoachieveastrict goal of noincrease
in nutrient load for new development, even when the
best site design and most sophisticated stormwater
practices are applied. A handful of communities have
adopted stormwater criteria that mandate that no net
increase in phosphorusload occur asaresult of devel-
opment, but asthe redesign comparisonsinthisarticle
show, suchcriteriaarenot likely tobeactually achieved.
Thus, if nutrient loads are capped in a watershed,
managers may need to remove pollutants at existing
developments with stormwater retrofits in order to
offset increases in nutrient loads produced by new
development.

Theredesign research also has someimplications
for watershed-based zoning. Quitesimply, ashift from
conventional to open space design can reduce the
imperviouscover of many residential zoning categories
by as much as 30 to 40%. In some watersheds, an
aggressiveshiftto openspacedesigninnew residential
zones is an essentia strategy to meet an impervious
cover cap for protecting sensitive or impacted streams.

Another notable finding is that large lot subdivi-
sions have the potential to generate the same unit area
nutrient export as higher density subdivisions. The
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high nutrient|oadingfromlargelot devel opmentsinun-
sewered areas is attributed to subsurface discharges
from septicsystems. Fromanutrient management stand-
point, it may be more cost effective to regulate septic
system performance than stormwater performancein
very low density residential subdivisions located on
permeablesails.

Lastly, watershed managers haveonly afew tools
at their disposal that offer developersareal chanceto
save money. The economic evidence clearly suggests
that open space designissuch atool, and has potential
to either reduce the cost of development, or at least
offset the cost of other watershed protection measures.
However, despiteitseconomicand environmental ben-
efits, open spacedesign isnot adevelopment optionin
many communities, nor isitwidely used by most devel-
opers even when available. Many communities will
need to fundamentally changetheir local development
rulesin order to make open space design an attractive
development option.

Site planning roundtables that involve the local
players that shape new residential development, de-
scribed later inthisissue, are an effectiveway to bring
this change about. The ultimate goal isto make open
spacedesigna*“by-right” form of development, so that
its design, review and approva are just as easy and
certain asaconventiona subdivision. Who knows, the
day may come when a specia exception or permit is
needed to build a conventional subdivision. - JAZ
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Description of the Simplified Urban Nutrient Output Model

Thebasictool usedintheredesignanalysiswasaspreadsheet model knownasthe Simplified Urban Nutrient Output M odel (SUNOM).
The SUNOM model computestheannual hydrol ogic budget, nutrient export andinfrastructurecost for individual devel opment sites,
using simpleinput variables that can be easily derived or measured from any site engineering plan.

Thefirst stepinapplyingthe SUNOM model isto measurethefraction of thesitein each of six categoriesof surfacecover: impervious
surfaces, lawns, forests/wetlands, meadow, open water, and stormwater treatment areas. In the next step, the user measures key
infrastructurevariablesfromthesiteplanincludingthelength of roads, sidewal ks, water and sewer utilities, curband gutter, and storm
drain pipes (in some cases, widths or diameters are needed aswell). Basic soil type dataisthen collected, in order to classify soils
according to the hydrologic soil group(s) present on the pervious surfaces of the site. Lastly, basic datais assembled on the size
and type of stormwater practices and septic systems, when present. Depending on the size and complexity of the plan, it typically

takes about a day to derive all the necessary inputs to operate the model.

Estimating Hydrology for the Ste

SUNOM operateshased onasimplifiedwater balance. Rainfall cantakeseveral different pathwaysonceit reachestheground surface.
A fractionof therainfall |leavesthesitedirectly asstormwater runoff, whiletheremainder infiltratesinto the subsurface soils(storage
insurfacedepressionsor interception by thetreecanopy interceptionisignoredinthemodel, sincethey areasmall and oftentemporary
component of the annual water balance). Once water infiltrates into the soil, much of it returns to the atmosphere through
evapotranspiration. The remainder moves to shallow ground water, istransported as interflow, or recharges deeper groundwater.
The SUNOM model doesnot differentiate betweenthesethreefinal destinations, but simply computesthetotal volumeof subsurface
infiltration. Thewater budget can be adjusted further if lawn irrigation or septic system effluent isexpected to contribute " outside”

water to the devel opment site.

Surfacerunoff fromall surfacesiscal culated using avolumetric runoff coefficient thatisclosely related toimperviouscover. Resulting
runoff quantitiesarenormalized to runoff inchesover theentiresite (Schueler, 1987). Surfacerunoff from natural cover andturf are
computed assuming that these areas are one percent impervious (NVPDC, 1980), but these values can be changed to reflect the

prevailing soil type or soil compaction (seearticle 36).
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Figure 1: The SUNOM Model Operates Using Basic Site Variables That Can Be Easily Derived From
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Estimating infiltration is a somewhat trickier affair. For the purposes of the model, total infiltration is defined as the sum of
subsurface infiltration plus septic infiltration. Subsurface infiltration is estimated based on annua infiltration volume for the
prevailing hydrologic soil group of the perviousarea, which can beadjustedfor soil compaction. Theannual volumeof subsurface
infiltrationiscal culated without estimatingitsfinal destination (i.e., quick interflow, deeprecharge, shallow groundwater). Once
annual stormwater runoff and subsurfaceinfiltration volumesare cal cul ated, they can be checked against an annual evapotrans-
piration volume to ensure that the overall water balance is reasonable.

Annual septic system infiltration is cal culated under the assumption that entire wastewater flow into aseptic system infiltrates
tothe subsurface. Thevolume of thiswastewater flow, in site-inches, isderived asafunction of the number of individualsusing
each septicsystemmulltiplied by their per capitaannual water use. Somestormwater practicescantakesurfacerunoff and convert
it into subsurface infiltration. The model accountsfor this by deducting the fraction of treated runoff volumethat isinfiltrated
back into the soil from the annual stormwater runoff volume and adding it to the infiltration volume.

Calculation of Nutrient Loads

Thismodulecomputesnutrient | oadsfor each of thetypesof surfacecover present at asiteby multiplyingitscomputed stormwater
runoff and subsurfaceinfiltration volumeby amedian nutrient concentration. For stormwater flows, themean concentrationsare
derived based on national stormwater monitoring data or single land use or source area marketing data. Subsurface nutrient
concentrationsfor natural areasare estimated based on measured basefl ow concentrationsfrom adjacent undevel oped receiving
waters. Median nutrient concentrations from published sources were used to characterize the subsurface concentrations from
turf areas. Inthe case of septic systems, typical per capita septic loads, along with septic efficiencies, were used to characterize
this nutrient loading source.

Thetotal annual nutrient|oad for adevel opment sitei sthen computed asthesum of thestormwater runoff load, and the subsurface
infiltrationload from natural areas, turf, and septic systems. Surfacestormwater loadsareadjustedto reflect pollutant reduction
by stormwater practices if they arepresent. The spreadsheet contai nstypical nutrient removal ratesfor many common stormwater
practices(seearticle64). Subsurfaceinfiltrationloadscan al so beadjusted torefl ect theuseof innovative septic systemtechnol ogy
with higher nutrient removal capability. Default dataareprovidedinthe SUNOM model for all nutrient concentrationandremoval
parameters, but the user can also supply their own estimatesif better local or regional data are available.

Development Cost

The SUNOM modulescomputesthe cost of building theinfrastructureto serveanew devel opment. Themodul e cal cul atesthese
costs based on the dimensions of theinfrastructurethat are specifiedin the devel opment plan, and supplied asmodel input (e.g.,
length and area of roads, length and diameter of pipe). These units of infrastructure arethen multiplied by unit costs that were
derivedfor themid-Atlanticregion. The SUNOM model can estimatethefollowing component costs: paving for roadsor parking
lots, curband gutter, sidewal ks, stormwater conveyance, utilities, landscaping, reforestation, septic systemsand other necessary
elementsfor siteconstruction. Stormwater treatment costsarecal culated asafunction of thevolumeof stormwater runoff treated
by the practice using predictive equations devel oped by the Center (see article 68). At thistime, the SUNOM model does not
estimate engineering or permitting costs, nor doesit itemize costsrel ated to clearing, grading and erosion and sediment control,
but these enhancements can be added by the user.

Appropriate Use of the SUNOM Model

The SUNOM model isbasically asimpleaccounting tool totrack the annual runoff, nutrient loads, and total infrastructure costs
from four kinds of surface cover in adevel opment plan. The model is most appropriately used as atool to compare how these
factors change in response to different development scenarios. These "redesign” scenarios help demonstrate the costs and
benefits of better site design. Aswith any empirical model, it isvery important to make sure that parameter values are sensible
andregionally appropriate. Theuser should alwayscheck whether default infiltrationrates, nutrient concentrations, removal rates
and unit costs make sense given local conditions. The SUNOM model isintended to serve as a planning model rather than an
engineering model. M oredetail ed simulation model sor monitoring may berequired to givethe preciseand accurate predictions
needed for actual engineering design at agiven development site. More extensive documentation on the model iscontainedin
Appendix A of CWP, 1998. We are continually improving the SUNOM model, and the most recent version, which utilizesa
Microsoft Excel spreadsheet, isavailable through the Center at anominal charge.
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